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Because estimates of small mammal species richness and diversity are
srongly influenced by sampling methodology, 2 or more trap types are often used in
gudies of small mamma communities. However, in most cases, al traps are placed a
ground level. In contrast, we used Sherman live traps placed at 1.5 m in trees in addition
to Sherman live traps and Mosby box traps placed on the ground to sample smal mam-
mas in pine stands in the Upper Coastal Plain of South Carolina. To determine the im-
portance of placing traps in trees, we compared estimates of smal mamma (primarily
rodent) species richness and diversity based on data from al traps (ground and tree)
with estimates based on data from ground traps only. Estimates of species richness
based on data from ground traps only did not differ from estimates based on data from
dl traps. However, 4 other diversity indices (Simpson Index, Shannon-Wiener Index,
Shannon Evenness Index, and Brillouin Index) based on data from both tree and ground
traps were sgnificantly greater than indices based on data from ground traps only. The
increase in the diversity edtimates when data from al traps were used was primarily due
to the large number of southern flying squirrels (Gluucomys velans) captured in tree
traps. When data from ground traps only were considered, the community was highly
dominated by cotton mice (Peromyscus gossypinus), but, when data from al traps were
considered, cotton mice and southern flying squirrels were co-dominant (567 and 580
individuals, respectively). Our data suggest that studies of forest smal mamma com-
munities which do not include tree traps are biased because one of the most common
and potentially important species, the southern flying squirrel, is highly under-
represented. We recommend that future studies of forest mamma communities, partic-
ularly those designed to test the effects of forest management practices on small mam-
ma communities, include arbored traps.
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Small mammals play an important role in the community dynamics and energy
flow of forest ecosystems (Hamilton and Cook 1940). Therefore, effective manage-
ment and monitoring of forests requires an understanding of the composition, struc-
ture, and function of small mamma communities. The need to understand small
mammal communities and how they change with time, management activities, and
natural disturbance will increase as greater emphasis is placed on managing forests
for multiple purposes (Hunter 1990).

Previous studies of southern Coastal Plain and Piedmont mature forests indicated
that cotton mice, golden mice (Ochrotomys nuttalli), and southern short-tailed shrews
(Blarina carolinensis) were the most abundant small mammals (Shadowen 1963, Ste-
phenson et a. 1963, Hatchell 1964, Smith et a. 1974, McComb and Noble 1980,
Wolfe and Lohoefener 1983, Hamilton et al 1987, Whiting and Fleet 1987, Tappeet .
1993, Mitchell et al. 1995, Masters et . 1998, Loeb 1999). However, characterization
of small mammal communities is strongly influenced by the sampling methods em-
ployed (Kirkland and Sheppard 1994). For example, pitfall traps with drift fences were
more effective than snap traps in capturing shrews while snap traps were more effec-
tive in capturing rodents (Williams and Braun 1983, Bury and Corn 1987). Further, a
combination of mouse and rat snap traps increased the estimates of species richness
and diversity compared to mouse traps alone (Perry et al. 1996).

To overcome the biases associated with the used of a particular trap type, 2 or
more types are often used to sample small mammal communities. In most cases, all
traps are placed at ground level. However, many terrestrial small mammals such as
cotton mice and golden mice are quite arboreal (Layne 1970, Packer and Layne
199 1). Gentry et a. ( 1968) found that golden mice were more likely to be captured
in traps placed in trees than on the ground. Further, athough southern flying squir-
rels are sometimes caught in ground traps, their capture rates are low and conse-
quently they are not considered to be important components of the small mammal
community (Taylor and Lowman 1996). Two recent studies suggested that traps
should be placed >4.5 m above ground (Risch and Brady 1996) or in the canopy
(Taylor and Lowman 1996) to adequately sample flying squirrels. However, Engel et
a. (1992) found that height above ground did not affect trappability of southern fly-
ing squirrels.

In 1997, alarge-scale cooperative study was initiated on the Savannah River Site
in the Upper Coagtal Plain of South Carolina to test the importance of coarse woody
debris (CWD) for small mammals, birds, herpetofauna and insects. To test the effects
of CWD loadings on rodent diversity, population dynamics, and habitat selection we
placed traps on both the ground and in the trees. The objective of this paper isto illus-
trate the effect of placing traps in trees on estimates of rodent community composi-
tion and structure, particularly species richness and diversity.

This project was supported by the Department of Energy-Savannah River Site
and the Savannah River Natural Resource Management and Research Institute. We
thank M. Howard, M. Di Enno, T. Hashimoto, and H. Mohr for their assistance in the
field and K. E. Franzreb, J. D. Lanham, M. S. Mitchell, T. S. Risch, and R. M. Whit-
ing, Jr., for reviewing previous drafts of the manuscript.
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Methods

The study was conducted on the Department of Energy’s Savannah River Site,
Aiken and Bamwell counties, South Caralina. The approximately 78,000-ha Siteisa
National Environmental Research Park located in the Upper Coastl Plain physio-
graphic region. Soils are generaly sandy, well-drained, and infertile in the uplands
and on ridges, but are of higher fertility in the stream terraces and floodplains (Bat-
son et a. 1985, Workman and McLeod 1990). Plant community types include old
fields, sandhills, scrub-oak, upland hardwoods, upland pine, bottomland hardwoods,
and swamp forests.

This study was conducted in managed upland loblolly pine (Pinus taeda) stands
that were planted between 1950 and 1953. Although loblolly pine was the dominant
overstory tree species, 0aks (Quercus Spp.), hickories (Carya spp.), sweetgum (Li-
quidumbar styraciflua), and wax myrtle (Myricu cerifera) Were scattered throughout
dl plots in the midstory and overstory. The understory was relatively sparse and in-
cluded poison oak (Rhus toxicodendron), dog-fennel (Euputorium spp.), and lespe-
deza (Lespedezu spp.). Most stands had been burned within 3-4 years and thinned
within 1-6 years of the initiation of the study.

Twelve trapping grids were arranged in 3 blocks of 4 plots each. Each block was
located wholly or primarily within 1 forest stand. Plots were 9.3 ha and surrounded
by a 61-m buffer. CWD loadings were manipulated in 2 of the plots in each block;
however, the effects of those manipulations had little effect on small mammal abun-
dance (S. C. Loeb, unpubl. data) and were ignored for the purposes of this paper. No
management, including CWD manipulations, occurred in the buffer areas. In the cen-
ter of each plot, an 8 X 8 trapping grid with 20-m spacing between each trap station
was established. At each station, we placed 1 Sherman live trap (7.5 X 9.0 X 255
cm) on the ground and 1 Sherman live trap on the nearest (<5 m) tree trunk to the
station marker. Tree traps were placed in wooden sleeves attached to the tree at ap-
proximately 1.5 m above ground. Mosby-type wooden box traps (19 cm X 19 cm X
61 cm; Day et d. 1981) were placed on the ground at odd-numbered stations on lines
1,3, 5, and 7 and even-numbered stations on lines 2, 4, 6, and 8. Sherman traps in the
trees were baited with peanut butter. Because of high populations of red-imported
fire ants (Solenopsis invictu) and other ants in the grids, we baited Sherman traps on
the ground with sunflower seeds. It was our hope that sunflower seeds would last
longer than peanut butter and not attract as many ants to the traps. Box traps were pri-
marily intended to sample gray squirrels (Sciurus carolinensis) and fox squirrels (S.
niger) and, thus, were baited with corn.

Trapping sessions were conducted every other month from March 1997 through
January 1999. Each trap session was 9 consecutive nights and conducted during the
new to quarter moon phases. Based on our previous experience trapping southern
flying squirrels during winter, we did not open tree traps when temperatures were
expected to fall below 35 °F to minimize chance for mortality. It was only necessary
to close tree traps during the January trapping sessions (7 nights during each trap
session). We checked traps each morning, individualy identified al newly-caught
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mammals with a unique Monel No. 1 ear-tag in each ear, and recorded plot number,
trap station number, trap type, trap location (ground or tree), species, ear-tag num-
bers, and capture history. Based on tom ear pinnag, 5 1 flying squirrels likely lost their
original tags. We re-tagged these animals and recorded them as “re-captures.” Wein-
cluded data from these animals in analyses that considered number of captures re-
gardless of individua but did not include data from these animals when we consid-
ered the number of capturesfindividual. Procedures used in this study were approved
by the Clemson University Animal Research Committee (Protocol No. 96-056).

We used t-tests adjusted for unequal variances to compare the number of cap-
tures/individual between cotton mice and flying squirrels. We calculated species
richness, Simpson’s Index of Diversity, the Shannon-Wiener Index of Diversity, the
Shannon-Wiener Evenness Index, and the Brillouin Index of Diversity using pro-
grams DIVERS (Krebs 1989) for each grid based on data from only ground traps and
based on data from all traps. We used a Signed Rank Test to test for differencesin
species richness estimates between trapping procedures and paired t-tests to test for
differences in the diversity indices. Means + 1 SE are presented and a significance
level of P< 0.05was used for al tests.

Results

We captured 1,362 mammals 4,593 times during 40,957 box trap nights, 82,247
Sherman ground trap nights, and 71,343 Sherman tree trap nights. Southern flying
squirrels and cotton mice were the most abundant species in the sample (Table 1). Al-
though the number of flying squirrels and cotton mice captured was almost equd, the
average number of captures per individual was significantly greater (r=8.18, df=

Table 1. Number of individuals and total number of captures of smal mammals on
the Savannah River Site, South Caroling, from March 1997 through January 1999 in
ground traps only and in al traps (ground and tree).

Ground  traps Al traps
Species Animals captures Animals Captures
Southern flying squirrel (Glaucomys volans) 12 12 580 1,696
Cotton mouse (Peromyscus  gossypinus) 521 1,893 567 2,461
Golden mouse (Ochrotomys nuttalli) 46 93 64 169
Fox squirrel (Sciurus niger) 31 45 31 45
Eastern cottontail (Sylvilagus floridanus) 27 63 27 63
Southern  short-tailed shrew  (Blarina  camlinensis) 25 26 25 26
Old-field  mouse  (Pemmyscuspolitwtus) 20 38 20 41
Cotton rat (Sigmodon hispidus) 19 59 19 59
Harvest mouse (Reithrodontomys  humulis) 16 20 16 20
Long-tailed shrew (Sorex longimstis) 3 3 3 3
Opossum  (Didelphis  virginiana) 4 4 4 4
Gray squirrel  (Scurus  camlinensis) 2 2 2 2
Raccoon - (Procyon  lotor) 2 2 2 2
Long-tailed wessed (Mustda frenata) 2 2 2 2
Total 730 2,262 1,362 4,593
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Table 2. Number of small mammals captured in box traps, Sherman live traps placed
on the ground, and Sherman live traps placed in trees from March 1997 through January
1999 on the Savannah River Site, South Carolina

Ground traps Tree traps

Species BOX Sherman Sherman Other®
Southern flying squirrel (Glaucomys volans) 2 10 1,684 0
Cotton mouse ( Peromyscus gossypinus) ! 1,900 552 8
Golden mouse (Ochrotomys nuttalli) 0 94 14 0
Fox squirrel (Sciurus niger) 45 0 0 0
Eastern cottontail (Sylvilagus floridanus) 60 3 0 0
Southern short-tailed shrew (Blarina carolinensis) 0 26 0 0
Old-field mouse (Peromyscus polinotus) 0 38 2 !
Cotton rat (Sigmodon hispidus) 27 32 0 0
Harvest mouse (Reithrodontomys humulis) 0 20 0 0
Long-tailed shrew (Sorex longirostis) 0 3 0 0
Opossum (Didelphis virginiana) 4 0 0 0
Gray squirrel (Sciurus carolinensis) 2 0 0 0
Raccoon (Procyon lotor) 2 0 0 0
Long-tailed weasel (Mustela frenata) ! ! 0 0
Total 144 2,127 2,312 9

a Captured in pitfal traps used in other studies or found dead next to trap.

983, P=0.0001) for cotton mice (4.32 % 0.16, range= |-28) than for flying squirrels
(272 = 0.11, range 1-17). Golden mice, fox squirrels, eastern cottontails (Sylvilagus
floridanus), southern short-tailed shrews, old-field mice (P, polionotus), cotton rats
(Sigmodon hispidus), and harvest mice (Reithrodontomys humulis) were also rela-
tively common although they were far less abundant than cotton mice and flying
squirrels.

Only 2.1% (12) of flying squirrels were captured in traps placed on the ground
and 99.3% of al flying squirrel captures were in tree traps (Table 2). The mgjority
(77.2%) of cotton mouse captures were in Sherman ground traps (Table 2). Although
91.9% of cotton mice were captured at least once in Sherman ground traps, 8.1% (46)
of cotton mice were captured only in tree traps. Slightly more than half (55.0%) of

Table 3. Diversity indices of small mammals on 12 trapping grids based on
data from Sherman live traps and box traps set on the ground and based on data
from Sherman live traps and box traps on the ground and Sherman traps set a
15 m in the trees on the Savannah River Site, South Carolina Means + 1 SE are
presented (N = 12). P represents the probability that the 2 estimates differ due

to chance

Diversity  index Ground  traps All traps P
Species richness 725+ 0.71 7.58* 0.62 0.1250
Simpson Index 0.46+0.05 0.61" 0.02 0.0004
Shannon-Wiener Index 1.49% 0.17 1722011 0.0128
Shannon Evenness Index 0.53+ 0.04 0.60% 0.03 0.0171
Brillouin Index 1.30%0.16 1.60+* 0.34 0.0008
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the golden mouse captures were in Sherman ground traps and 7 1.9% of al individu-
als were captured at least once in a ground trap. However, 28.1% (18) of the golden
mice were captured exclusively in tree traps.

Estimates of species richness based on ground traps only did not differ signifi-
cantly from estimates based on al traps (Table 3). However, al other diversity esti-
mates were significantly greater when based on data from all traps than when based
on data from ground traps only (Table 3).

Discussion

Sherman live traps or snap traps of various sizes are commonly used to sample
mammal communities of eastern forests (e.g., Whiting and Fleet 1987, DeGraaf et al.
1991, Tappe et a. 1993). Auxiliary sampling with pitfall traps or large box traps may
also be conducted (e.g. Wolfe and Lohoefener 1983, Daniel and Fleet 1999, Loeb
1999). However, traps have traditionally been placed solely on the ground. Our study
shows that the addition of tree traps to the conventional ground trap sampling design
results in very different etimates of the rodent community structure. Without tree
traps, we would have concluded that cotton mice were the most abundant rodent in
mature upland loblolly pine stands on the Savannah River Site because, like other
studies (Whiting and Fleet 1987, Engel et al. 1992, Tappe €t a. 1993), we captured
very few southern flying squirrels in ground traps. However, flying squirrels were
readily captured in traps placed at approximately 1.5 m in the trees resulting in a-
most equal numbers of southern flying squirrels and cotton mice.

The large difference in capture rates of flying squirrels in tree and ground traps
was probably not related to a preference by southern flying squirrels for the peanut
butter baits in tree traps over sunflower seed baits in ground traps. Daniel and Fleet
(1999) placed Sherman live traps baited with a peanut butter-oat mixture on the
ground in mature bottomland hardwood, sideslope hardwood, mixed pine-hardwood,
and upland pine forests in eastern Texas and captured only 3 flying squirrels com-
pared to 381 Peromyscus spp. and 204 0. nustalli. Further, traps placed at 1.0-3.1 m
in trees were 34 times more effective than ground traps in capturing southern flying
squirrels in Wisconsin even though peanut butter was used as bait in al traps (Engel
et a. 1992) and traps baited with peanut butter, oatmeal, and bacon and placed at -2
m in a mature hardwood forest in Massachusetts were 5 times more effective in cap-
turing southern flying squirrels than traps placed on the ground (Taylor and Lowman
1996). Thus, the differences in capture of southern flying squirrels in tree and ground
traps was most likely due to their vertical placement and not bait type.

Although addition of tree traps to the sampling design did not change our esti-
mates of species composition, the use of tree traps greatly changed our estimates of
the structure of the small mammal community. The diversity indices we used incor-
porated both the number of species and the number of individuals per species (Krebs
1989). Thus, the increases in diversity estimates when tree trap data were included
represent an increase in the equitability of the community across species. When data
from only the ground traps were used, the community appeared to be strongly dom-
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inated by 1 species, the cotton mouse. In contrast, when data from the tree traps were
included, the community was dominated by 2 species, the cotton mouse and the
southern flying squirrel, and, thus, exhibited far greater equitability. Increased equi-
tability in the data may have also been due to the increase in the number of golden

mice resulting from tree trapping. Golden mice are relatively arboreal (Packer and
Layne 1991) and the addition of tree traps resulted in a 37% increase in golden mouse

individuals captured. It should aso be noted that athough the number of captures in
box traps was low, the use of box traps contributed greatly to our knowledge of the

small mamma community. All of the fox squirrels, gray squirrels, opossums, and
raccoons were captured in box traps and almost 50% of the cotton rat captures were
in box traps. Pitfall trapping was conducted by other investigators (T. McCay and J.

Laerm) and the addition of those data will provide an even more complete picture of
the structures and composition of the small mammal community.

Failure to more thoroughly sample the small mamma community through the
use of avariety of trap types set in avariety of positions not only leads to an underes-
timation of diversity, but may also lead to a poor understanding of the structure and
function of small mammal communities and the forest ecosystems they inhabit. Our
data clearly demonstrate that southern flying squirrels are far more abundant and may
play far more prominent roles in the functioning of forested ecosystems than has been
recognized in the past. For example, the major dietary items of southern flying squir-
rels throughout the year were acorns and other hard mast (Harlow and Doyle 1990).
Considering their abundance, size, and ahility to move across the landscape, southern
flying squirrels are probably major consumers, as well as dispersers, of oak seeds.
Further, if there is interspecific competition for magt, it is likely that southern flying
squirrels play an important role in those interactions, particularly during years of low
mast production (Wolff 1996). However, studies that have examined the relationship
between mast, small mammals, and forest ecosystem function have ignored southern
flying squirrels (e.g., McCracken 1996, Ostfeld et a. 1996, Wolff 1996). Further, be-
cause cavities are the primary nest sites of southern flying squirrels throughout most
of their range (Muul 1974), flying squirrels likely play an important role in the inter-
actions among cavity nesters. For example, Carmichael and Guynn (1983) found that
southern flying squirrels were the dominant user of cavities in the Upper Piedmont
Region of South Carolina and severa cavities that were initially occupied by downy
(Picoides pubescens) and pileated woodpeckers (Dryocopus pileatus) were later oc-
cupied by flying squirrels. In some areas, southern flying squirrels significantly re-
duced the reproductive success of the endangered red-cockaded woodpecker, 1? bor-
ealis (Laves and Loeb 1999), and humerous incidental interactions between southern
flying squirrels and a variety of cavity nesting birds have been reported in both natu-
ral cavities (Stabb et a. 1989, Ridley et a. 1997) and nest boxes (Goertz et a 1975).
In addition, flying squirrels were important prey for many vertebrates including owls,
rat snakes (Elaphe spp.), and many of the mammalian predators such as bobcats
(Lynx rufus), foxes (Urocyon cinereoargenteus and Vulpes vulpes), raccoons (Pro-
cyon lotor), weasels (Mustela spp.), and domestic cats (Dolan and Carter 1977).

Risch and Brady (1996) recommended that traps for southern flying squirrels be
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placed 4.5-5.0 m above ground and Taylor and Lowman (1996) suggested that ade-
quate sampling for southern flying squirrels required that traps be placed in the can-
opy. However, our trap success (number of captures per 100 trap nights) for flying
squirrels in tree traps was 2.4% which was greater than Risch and Brady’'s trap suc-
cess at either 4.5-5.0 m (1.7%) or 8.0-8.5 m (1.6%). Further, traps set at 4.5 m re-
quire = 1 ladder section and a climbing belt and traps set in the canopy require either
considerable climbing equipment or a pulley system. Even if setting traps at >4.5 m
is superior for in-depth studies of flying souirrdl behavior and vetica dratification of
arboreal mammals, the increased time and equipment necessary to set, check, and
maintain traps at these heights precludes large scale sampling. Little additional time
and no additional equipment (other than traps) are needed to set and maintain the
traps set at 1.5 m in trees. Because placing traps in trees has the potential to greatly
increase our understanding of forest ecosystem structure and function at relatively
low cost, we recommend that future studies of forest mammal communities include
arboreal traps.
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